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(57) Abstract: The system produces movements in a home entertainment chair. It has a motor controller and a plurality of movement 
generator units for generating small amplitude and low frequency movements in the viewer's chair according to desired effects. A 
synchronization is achieved using an audio/video stream. 
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MOTION TRANSDUCER SYSTEM 



FIELD OF THE INVENTION 

This invention relates to tactile and movement sensation generation, and 
more particularly to tactile and movement sensation generation for liome theatre 
and/or motor simulation systems. 

BACKGROUND OF THE INVENTION 

A century ago, the first movies did not include sound. The first sound 
tracks were music mimicl<ing the action. A few inventions later, the spectator was 
finally able to hear at least the voice of the actors. From this point, improvements 
made the conrelation between the sound track and the movie track more and 
more reliable. But viewers wanted more. The quest for realistic entertainment 
was beginning. A new need arose, mechanical sensations that would stimulate 
more deeply the senses of the users. 

Unfortunately, provkling a mechanical sensation to a viewer is not an easy 
task. In US patent 4,874,162, Trumbull et al describe a motion picture 
amusement ride, This motion picture amusement ride works either in a manual 
mode or in an automatic mode. In the automatic mode, movements of each 
actuators are encoded on a tape cartridge which is synchronized with the movie. 
The apparatus described in this patent has a large size and it is therefore not 
convenient for a home theatre. Furthermore, in case of personal use, an 
individual may want to jump from one movie sequence to another, this may cause 
de-synchronization, as no specific synchronization scheme is described, which is 
fatal for the entertainment. 

In US patent 4,879,849. Holllngsworth, III et al describe a point-of-view 
motion simulator. As in the previous patent, the system described is not 
convenient for personal use. The synchronization is achieved using a single 
channel (the sixth channel) which provides a continuous stream of pulses which 
acts as start or sync signal. If synchronization may be obtained while playing the 
movie from the beginning to the end, the synchronization may be hard to 
maintain when a user wants to jump from a movie sequence to another. Finally, 
this approach by its core synchronization mechanism wastes an entire channel 
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that will not be available anymore to the user. More fundamentally, the movie 
track may be altered in order to be used with this invention. 

Therefore there is a need for a method and apparatus to provide nriotlon 
sensations for a spectator watching a movie sequence without de- 
5 synchronization issues. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide time stamps using an 
incoming data stream of infonmation. 
10 It is an object of the present invention to synchronize an effect with a data 

stream. 

It is another object of the present invention to provide motion effects for a 
video track or a sound track. 

Yet another object of the present invention Is to create motion effects for a 
1 5 sound track or a movie track. 

It is another object of the present invention to provide a method and 
apparatus to store and retrieve efficiently motion effects that may be played with 
respect to a sound track or video track. 

According to one aspect of the present invention, there is provided an 
20 apparatus for generating motion effects for at least one actuator using an 
audio/video source stream signal, the apparatus comprising a track analyzer 
receiving the stream signal and perfomning a track analysis of the stream signal 
to produce a time variable characteristic signal, an effect generator receiving the 
time variable characteristic signal and generating at least one effect according io 
25 at least one rule, and a movement generator receiving the at least one effect and 
compiling the at least one effect to provide a single signal to each of the at least 
one actuator. 

According to another aspect of the invention, there is provided a method 
for generating motion effects using at least one actuator with respect to an 
30 audio/video source, the method comprising the steps of receiving a signal from 
the audio/video source, analyzing the signal to generate a second signal, using 
the second signal and a mie to provide at least one effect; and compiling the 
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second signal in order to provide a third signal to each of the at least one actuator 
according to said at least one effect. 

According to another aspect of the invention, there is provided a method 
for providing haptic and motion sensations to at least one viewer in a simulator 
environment, the method comprising the steps of providing at least three 
actuators supporting at least one seat for the viewer, the actuators being adapted 
to move the seat and the viewer with small amplitudes at a frequency 
representing mechanical vibration, generating a vibration signal representing a 
level of vibration in the seat corresponding to a level of vibration associated with 
a virtual environment at each point in time, generating a visual cue signal 
representing a reciprocal visual cue movement in the seat conesponding to 
motion in the virtual environment at each point in time, converting the vibration 
signal into a first actuator position value for all of the actuators, converting the 
visual cue signal into second actuator position values for the actuators for 
causing at least a tilt in the seat, combining the first position value and the 
second position values to obtain an activation control value for each of the 
actuators, and supplying the control value to the actuators in real time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood with the following description, 
together with the accompanying drawings, in which: 

Fig. 1 is a drawing which shows one embodiment of the invention; the 
apparatus is used with a sofa; four actuators are located under each leg of the 
sofa. 

Fig. 2 is a block diagram of an overview of the system; an audio/video 
source provides signals to a processing unit which controls each actuators. 

Fig. 3 is a block diagram which shows one embodiment of the present 
invention; a audio/video player provides a sound track or a video track to a track 
analyzer, which provides a filtered sound track or video track signal to an effect 
generator, which provides reading channel signal to a movement generator. 

Fig. 4 is a block diagram of another embodiment of the present Invention, 
and which comprises a track analyzer, an effect loader, an effect datobase and a 
movement generator. 
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Fig. 5 is a block diagram of the preferred embodiment of the present 
invention which comprises a synchronization table, an EFF.1 file, an EFF.2 file 
and a .400 file. 

Fig. 6 is a block diagram of the internal clock; which comprises a filtering 
unit, a serial stream converter, a serial to parallel converter, a processing unit and 
a time stamp generator. 

Fig. 7 illustrates how entry points are located in the preferred embodiment 
of the present invention; during the portion of interest, the entry points are located 
every 1 second; the entry points are also located two seconds before each 
portion of interest spaced with 1 second. 

Fig. 8 shows the fields which are comprised in one entry of an EFF.1 file; 
in one entry of an EFF.2 file and one entry of a .400 file. 

Fig. 9 shows a flow chart of the operation perfomned when reading an 
EFF.1 file. 

Fig. 10 shows a symbolic screen shot of the software used by an operator 
which implements effects on a movie file. 

Fig. 1 1 shows a perspective view of a movement generator unit. 
Fig 12 shows a partially sectional view of the movement generator unit. 

DETAILED DESCRIPTION 

According to one object of the present invention, there is described a way 
to add a new dimension to an audio/video source by con-elating to, either the 
sound track or the video track effects, which are transmitted to a group of 
actuators which create movement sensations to a user. The effects are either 
automatically generated according to one embodiment of the present invention. 
In another embodiment of the present invention, the effects are already pre- 
programmed by an operator and stored in a database. 

Fig. 1 shows an overview of the invention. A sofa is used and actuators 18 
are placed under each legs of the sofa. By performing height variation, the 
actuators provide movement sensations to the users seated on the sofa. It will be 
appreciated that a viewer may be also a player when using this invention while 
playing for instance a flight simulation game. In such a case, the invention will 
provide him realistic movement sensations. In a simulation, the invention may 
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provide the viewer both small amplitude signals at a frequency of at least 50Hz 
(vibrations) and motion cue signals. 

Now referring to Fig. 3, there is shown one embodiment of the present 
invention. 

A main encoder module receives the sound signals from a video system 
such as a digital video disk (DVD or LD), a VCR system, a computer or a simple 
TV set and performs a digital sound signal analysis in order to output movement 
codes. Any source of video signal that also comprises a fomri of sound signals, 
such as analog or digital encoded sound signal may be employed as well, such 
as a satellite decoder (SAT) or a PC mnning a video game which creates a virtual 
environment. All these signals are received by the main encoder. The main 
encoder is preferably a digital signal processing unit that processes the incoming 
fomn of sound signal and outputs toward the motor controlling means a series of 
movement action codes designating the movement sensations the movement 
generator means are to produce. The movement action codes are preferably 
strings of digital data that the motor controller uses for outputting a power drive 
signal for powering the motors in order to produce the movements in accordance 
with the current sound signal read from the video presentation soundtrack. 

In another preferred embodiment of the present invention, the system 
comprises a remote controller that allows a movie viewer to turn ON and OFF the 
system or even to adjust the characteristics of the movements. For example, 
switching between movement modes, such as an automatic mode, a music mode 
or the movie mode would be possible. Choosing the type of movements to be 
generated for a given movie would be also possible, such as choosing science- 
fiction movements when watching a science-fiction movie. Each of these modes 
may have predetermined kinds of movements recorded in databases and when 
the movie viewer selects a mode, these characteristics of the movements are 
read and applied to the movement In another variant of the invention, this feature 
involves the presence of an encoded mode for reading codes specific to a 
particular movie. For example, the main encoder may comprise encoded 
movements for particular movies and when these movies are played these codes 
representing encoded movements may provided even more accurate movements 
to be produced. 
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More precisely, the system comprises, in one embodiment of the present 
invention, a track analyzer 12, an effect generator 14, a movement generator 16 
and a group of actuators 18. An audio/video player 10 provides a sound track or 
a video track signal to the track analyzer 12. In one embodiment, the audto/video 
5 source 10 is a DVD player. The track analyzer 12 performs filtering on the sound 
track or video track in order to be able to provide a filtered signal to an effect 
generator 14. According to this filtered signal, the effect generator 14 is able to 
generate effects. Theses effects are sent to the movement generator 16 which 
compiles the effects provided by the effect generator 14 and sends the results to 

1 0 a group of actuators 18. 

Now referring to Fig. 4 of the present invention, there is shown another 
embodiment of the present invention wherein, the effects for a specific movie 
have already been created by an operator. The syistem comprises In this 
embodiment a track-analyzer 20, an effect loader 22, an effect database 24, a 

15 movement generator 16. and a group of actuators 18. An audio/video player 10, 
which Is, In one embodiment of the present invention, a DVD player, provides a 
sound track or a video track to a track analyzer 20. The track analyzer 20 
performs an analysis of the video track or sound track provided by the 
audio/video player 10. The analysis further explained in the following description 

20 comprises an extraction of the time for synchronization purposes. Time stamps 
are provided by the track analyzer 20 to the effect loader 22. The effect loader 22 
retrieves effects from an effect database 24 according to the time stamps and 
provides the effects to the movement generator 16 which compiles the effects 
provided by the effect loader 22 and send the results to a group of actuators 18. 

25 According to Fig. 5 of the present invention, there is shown an 

embodiment of the present invention wherein the effects related to a specific 
movie have already been created by an operator as in the embodiment described 
in Fig. 4. The audio/video player 10, which is in the embodiment a DVD player 
outputs an AC3 or DTS signal in S/PDIF format (IEC61937) using a RCA 

30 connector. In another embodiment of the present invention, the optical output of 
an audio/video source may be used. The signal then enters an internal clock 26. 
The purpose of the intemal clock 26 is to provide an accurate time stamp. This 
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to avoid their repetition. It will be appreciated that the signature comprises two 
different CRC fields (CRC1 and CRC2). These two CRC are computed over two 
different parts of the digital audio frame. Therefore. 32 bits are highly statistically 
distributed information. They represent 2" different combinations possible. In the 
5 case of a AC3 signal, 31.25 frames are used per second. Each frame therefore 
lasts 32 ms. In a 3 hours movie, 337500 frames will be used (3x3600x31.25), 
which is far smaller than 2^^ combinations. Experimentations confimi that very 
few signatures are identical. However, in the case of non-uniqueness of a frame, 
special operations are generated as explained below. 

10 The processing unit 48 at this point does not perfomi a detection of the 

uniqueness of a signature and provides each signature to the time stamp 
generator 50. In the prefened embodiment, the processing unit is connected to 
an embedded PC module (OEMModule 486 from ZF Embedded Inc). In the 
preferred embodiment, the PC module has 16Mb or Random Access Memory 

15 (RAM). The connection to this PC module Is done via its ISA bus. The PC module 
runs Caldera DR-DOS V7.03. The time stamp generator Is a program which runs 
on the PC module. The processing unit 48 provides therefore each signature to 
the time stamp generator 50 on the PC module via the ISA bus. The 
synchronization table 32 is located inside the RAM of the PC module for access 

20 speed purposes. The synchronization table 32 comprises two entries. The first 
entry is the signature which is, as previously explained, 64 bit long. The second 
entry of the synchronization table 32 is the frame number. The size of the frame 
number Is 32 bits in the preferred embodiment. The frame number (iV^)ls 
directly related to the movie time and therefore allows a user to Itnow the exact 

25 elapsed time (r.,) (r^ =iV^. x32.10-'). A combination of these two entries is 
called an entry point. It Is Important to note that the synchronization table 32 
comprises entry points only during portions of interest. A portion of interest is 
defined as a portion of the movie played by the audio/video player where it is 
mandatory to know the exact time for synchronization purposes. Entry points are 

30 present two seconds before and during a portion of interested and they are 
spaced by a one-second interval as shown in Fig. 7. During each entry point, and 
when it is necessary, an interpolation is perfomied in order to detemiine the exact 
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time. The interpolation is peifomned by tlie time stamp generator using the 
conventional PC tick (intenupt 0x08 and 0x1 C) of the PC module as a time base. 
Its rate is reprogrammed to 2000 interrupts per second. It will be appreciated that 
this rate allows a period of 500 //s which is a perfect multiple of the sampling 
frequency of the actuators (400Hz). It is also interesting to note that there are 64 
ticks per AC3 frame. 64 ticks have the duration of 3 DTS frames. Therefore, an 
Internal clock which provides the elapsed time of a video stream with increments 
of 500 ^s is available. This internal clock 26 is using a Frequency Locked Loop 
(FLL). The FLL consists in readjusting the clock divider that sets the rate of 2000 
interrupts per seconds using the incoming frames. 

In the prefenred embodiment, the synchronization table is created using 
two main principles. The first principle states that an entry point should be placed 
two seconds before and during a zone of interest. The second principles states 
that the synchronization table cannot comprise an entry with a signature that 
occurs more than once in the whole soundtrack. 

Now refening back to Fig. 5, the time stamps generated using the internal 
clock 26 and the synchronization table 32 are used by the effect trigger 28 to 
provide the effects related to the present portion if any. In the preferred 
embodiment, the effects are stored using three different types of file. The EFF.1 
file 34 is loaded in the random access memory of the PC-Module in order to 
guarantee a rapid access. The EFF.2 file 36 is loaded into a Random Access 
Memory disk, which is created into an hard drive connected to the PC-Module 
using the IDE interface. In the prefenred embodiment of the present invention, the 
hard drive has a size of 16 Mb. 15 Mb of the hard drive space are dedicated to 
the creation of the RAM disk. The .400 files 38 are stored either oh a storage unit 
such as a CD-ROM unit connected to the PC-Module using the IDE interface or 
on the hard drive of the PC-Module. 

Now refening to Fig.8. the EFF.1 file 34 comprises, in the preferred 
embodiment of the present invention, two fields. The first field is the time start of 
an effect, while the second field is the length or duration of an effect. The origin 
for the start time of an effect is the beginning of the movie In one embodiment of 
the present invention; any time position may be, in another embodiment, the 
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origin. The value for both field are in milliseconds. The EFF.2 file 36 comprises 9 
different types of fields in the preferred embodiment. The field entitled "track" 
number is an 8 bit number which refers to a special combination of actuators. In 
the preferred embodiment, 4 different actuators are used. In the prefen'ed 
5 embodiment of the present invention, the special combination of actuators is 
composed of 2 different actuators, such as the two actuators located on the left, 
or the two actuators located on the right or the 2 actuators located on the front or 
finally the 2 actuators located on the back of the system so as supporting 
surfaces are coplanar. The first track may refer, for instance, to a combination of 

10 2 actuators. The field entitled "name" refers to the name of the corresponding 
.400 file to play for the effect corresponding to this entry. The field entitled 
"stream start" refers to the time for the beginning of the effect with an origin. The 
field entitled "stream length" refers to the duration of the eflisct comesponding to 
the entry using millisecond units. The field entitled "fade time in" specifies the 

15 duration of a "fade" or a gain ramp at the beginning of an effect. The field entitled 
"fade time out" specifies the duration of a "fade" or a gain ramp at the end of an 
effect. These two fields offer smoothness. The field entitled "gain" relates to the 
gain that has to be applied to the samples. The gain ranges between 0% and 
100%. The field entitled "curve in" refers to the type of ramp that may be applied 

20 at the beginning of an effect. A ramp may be linear, parabolic, exponential etc... 
The field entitied "curve out" refers to the type of ranip that may be applied at the 
end of an effect. As for the previous one, a ramp may be linear, parabolic or 
exponential. It will be appreciated that the size of the field allows a great amount 
of combination possible. For instance, 8 bits allows 256 different values. In the 

25 case of the gain, it allows gain values from 0 to 1 00% witii increments of 0.39%. 

The .400 file comprises only one type of field. This type of field is a data 
field with a length of 16 bits. This 16 bit signed field is sent to the movement 
compilation 30. 

Now referring back to Fig. 5, the effect trigger 28 receives the time stamps 
30 from tiie internal clock 26. Fig. 9 shows more deariy the actions performed by the 
program located inside tiie effect trigger upon reception of a time stamp in the 
preferred embodiment of the present invention. 
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According to step 60 of the present invention, tlie program performs 
access to tlie EFF.1 file located in the RAIVI of the PC-Module. A search in the 
EFF.1 file for an entry in the field "start time" is then performed according to step 
62. In the preferred embodiment, a special technique is used in order to 
5 accelerate the search; this special technique consists in creating a buffer where 
links to entries in the EFF.1 that must be played in the following seconds are 
placed. 

If an entry is located in the field "start time", at least one corresponding 
effect may be started. According to step 66, the EFF.2 file is accessed. As 

10 previously explained the EFF.2 file is located inside a RAM disk. A search is then 
performed in order to locate the first entry with a "stream start" that is equal to the 
last received time stamp. According to step 68, a reading channel Is created. This 
reading channel comprises, in the preferred embodiment, the fields located in the 
EFF.2 for this first entry found. This reading channel is stored in RAM. This 

15 reading channel will remain in RAM during the whole duration of the effect. 
According to step 70 of the presfent invention, the EFF.2 file which comprises the 
core data corresponding to a particular effect is loaded in memory using the field 
"name" comprised in the program. One .400 file refers to one particular effect for 
an actuator. As previously explained, this file comprises 16 bit signed samples. 

20 The .400 file comprises infonnation sampled at 400 samples per seconds. 
According to step 72 of the present invention, an access to the following entries 
in the EFF.1 file is perfonmed in order to check if multiple effects may be started 
at the same time. If this the case, another reading channel will handle the effects 
found. Each reading channel provides a single signal to the movement 

25 compilation 30. Now referring back to Fig. 5. the reading channel signals are 
compiled by the movement compilation 30. The compilation consists in summing 
all the signals that must be provided to a certain actuator 18. Each reading 
channel created comprises a track field and as explained before, the track field 
refers to at least one combination of actuator. Therefore, It is possible, by reading 

30 the signal sent to the movement compilation by each reading channel and 
knowing the relation between a track number and a combination of actuator, to 
compute the global signal that must be provided to a single actuator 18. In the 
prefenred embodiment, a limit value is imposed to the summation result in order 
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to avoid damages to the actuators. Upon reception of each time stamp, all 
reading channel signals that handle effects and that should be over are killed, 
freeing up some memory. 

Fig. 1 1 illustrates a further construction of a movement generator unit 110 
5 which is adapted to be placed under a leg of a chair to generate reciprocate 
movements thereat. Typically, such a movement generator unit is placed under 
each leg of a chair or at each comer of a platform on which the chair is mounted. 
The movement generator units are typically operated in pairs to generate a 
variety of movements. 

10 As shown in Fig. 12, the movement generator unit 110 generally 

comprises a base 112 defining a chamber 114 in which a first piston 116 is 
slidably mounted for raising and lowering a chair adaptor 118 having a leg 
supporting surface 120 defining an axially extending threaded bore 122 adapted 
to receive a fastener (not shown) for releasably securing one leg of a chair 

15 thereto. As will be seen hereinafter, a motor-<lriven piston 124 is also slidably 
mounted within the chamber 114 to displace the first piston 116 under fluid 
pressure. 

The base 112 includes a main rectangular base member 112a and a 
secondary circular base member 112b connected to the main base member 1 12a 

20 by an intemiediate tube 126. The main base member 112a includes a horizontal 
hollow cylinder 128 mounted between a pair of opposed end plates 130 and 132 
attached to each other by means of axially extending threaded rods (not shown). 
A bearing 133 is mounted at one end of the cylinder 128 adjacent the end plate 
130 for rotatably supporting a coupling 134 securely mounted on an output shaft 

25 136 of a DSP-controlled bmshless AC motor 138. The motor 138 could also be 
linear motor acting directly on the cylinder 190. and thus eliminating the need for 
. the ball screw. 

The cylinder assembly and the electric motor 138 are supported on a 
bottom plate 140 upon which a cover 142 can be releasably attached to form an 
30 enclosure. A bore 144 is defined in the end plate 132 for receiving the tube 126, 
The tube 126 is thereby connected in fluid flow communication with the interior of 
the hollow cylinder 128. The tube 126 is connected at its opposed end to a 
cylindrical body 146 forming part of the secondary base member 112b. A recess 
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is defined in the top surface of tlie cylindrical body 146 for receiving a cover 148. 
Circumferentially space-apart holes 150 (Fig. 11) are defined In the cover 148 for 
receiving corresponding fasteners (not shown) in order to secure the cover 148 to 
the cylindrical body 146. The cover 148 and the cylindrical body 146 cooperate to 
5 define a cavity 150 which is In fluid flow communication with the tube 126 and, 
thus, the hollow cylinder 128. An inlet 152 is defined in the cylindrical body 146 
for allowing the chamber 1 14, which is fonned by the internal space of the hollow 
cylinder 128 and the tube 126, and the cavity 150, to be filled up with a liquid, 
such as oil. A closure (not shown) is provided for closing the inlet 152 once the 

10 chamber 1 14 has been filled up. 

The chair adaptor 118 has a bottom ball fomnatlon 154 fireely received in 
an axlally extending socket 156 defined in an axially extending stem portion 158 
of the first piston 1 16. The stem portion 158 extends upwardly from a downwardly 
facing surface 160 of the first piston 116. A central opening 162 Is defined In the 

15 cover 148 for allowing the stem portion 158 to project outwardly of the chamber 
114. An annular peripheral wall 164 extends upwardly flram the periphery of the 
downwardly facing surface 160 about the stem portion 158. Thie annular 
peripheral wall 164 is received in an annular recess 166 fonmed by a central 
cylindrical pnajectlon 168 depending downwardly from the inner surface of the 

20 cover 148. In operation, the first piston 116 moves vertically about the central 
cylindrical projection 168. 

As seen in Fig. 12, a diaphragm or web member 170 has an integral 
peripheral ring 172 captively received in an annular seat 174 formed by an 
annular recess 176 defined in the inner surt'ace of the cover 142 and an annular 

25 inner shoulder 178 defined in the cylindrical body 146. The web member 170 
extends across a vertical section of the chamber 114 to act as a piston seal. The 
web member 170 has a central portion 180 which covers the downwardly facing 
surface 160 of the first piston 116 and which is secured thereto by means of a 
fastener extending through a disc 182 and into an axially extending threaded 

30 bore 184 defined in the downwardly facing surface 160 of the piston 116. The 
portion of the web member 170 extending between the peripheral ring 172 and 
the central portion 180 acts as a foldable skirt 186 which can telescope upon 
itself for allowing the first piston 116 to slide vertically within the chamber 114 
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While preserving the integrity of the piston seal. The downward movement of the 
first piston 1 16 will cause the skirt 186 to unfold, whereas the upward movement 
of the piston 1 16 will cause the skirt 186 to fold upon itself. The web member 170 
is made of a flexible, pressure resistance, fiuM impenneable material (i.e. 
5 rubberized nitrile). 

A second web member 188 similar to the first web member 170 can be 
provided to act as a piston seal for the motor-driven piston 124. The duplicate 
description of the characteristics thereof will be omitted for brevity. 

The motor-driven piston 124 generally comprises a cylindrical piston 

10 member 190 securely mounted on an internally threaded member 192, which is 
in tum threadably mounted on a motor-driven shaft 194 for longitudinal 
movements therealong in response to rotative movements of the motor-driven 
shaft 194. The member 194 is a bail screw spindle, and the member 192 is a ball 
screw nut. According to a preferred embodiment of the present invention, the 

1 5 cylindrical piston member 1 90 and the internally threaded member 192 are jointly 
displaced by a distance of inch for four complete tums of the motor-driven 
shaft 194. By reversing the directfon of rotation of the motor-driven shaft 194, the 
direction of travel of the cylindrical piston member 1 92 and the intemajly threaded 
member 194 is reversed, thereby allowing the motor-driven piston 124 to be 

20 reciprocated within a horizontal section of the chamber 1 14. 

A longitudinal slot 196 is defined in the horizontal cylinder 128 for receiving 
a pin 198 supporting a bearing extending radially outwardly from the cylindrical 
piston member 190. The pin 198 is constrained to move within the slot 196. 
thereby preventing the cylindrical piston member 190 and the internally threaded 

25 member 192 from rotating with the motor-driven shaft 194. The motor-driven 
shaft 194 is drivingly connected to the coupling 134 which is, in tum, drivingly 
connected to the output shaft 1 36 of the electric motor 1 38. 

In operation, the electric motor 138 receives a power drive signal from a 
motor controller and rotates the motor-driven shaft 194 In accorxlance with the 

30 received signal. For instance, when it is desired to raise the chair adaptor 118, 
the motor 138 rotates the motor-driven shaft 194 in an appropriate direction so as 
to axially displace the cylindrical piston member 190 against the fluid contained in 
the chamber 114. This will cause the first piston 116 to rise under the fluid 
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the software that the operator may use in order to create the effects. In the 
prefen*ed embodiment, Vegas Video by Sonic Foundry is used. The screen shot 
comprises various menu such as a tools menu 80, an Information menu 82, an 
editing menu 84, a file menu 86, a representation of the sound stream 90 and the 
5 video stream 88 as well as a certain amount of tracks 92. In the prefen^ed 
embodiment, 14 different tracks are available. The audio video player 10 which is 
in the preferred embodiment a DVD player provides a bit stream that is converted 
into an .AVI format file in the preferred embodiment. The file menu 86 allows the 
operator to load the .AVI file. An information menu 82 provides an indication of 

10 the current elapsed time. A tools menu 80 provides to the operator an oppprtunity 
to create various effects. 

At different places, the operator can select, from a catalog of available 
.WAV files available, one specific file to use. This file is an effect to send to at 
least one actuator. This file is represented, on the screen, with a certain shape 

15 and it can be inserted on any tracks such as track 92. A track is, as explained 
previously a group of at least one actuator. The operator can create new .WAV 
files using CoolEdit software. The .400 file is only a conversion of the .WAV file 
used during the creation of the effects and is, as previously explained, a 
succession of signed 16 bits without any headers. It will be appreciated that the 

20 creation of the .400 file can be done graphically by creating and modifying a 
shape of a .WAV file. Therefore any type of effect can be created and thus 
inserted within one track. In the prefen*ed embodiment, a 3 hours film may require 
about 200 .400 files. It will be also appreciated that a .WAV file can be reused at 
different portion of the movie as shown on Fig. 10. Therefore, as the tracks 92 

25 are linked with the video stream 88 and the sound stream 90, this interface gives 
to the operator of the system an interesting opportunity to visualize the result of 
his work and to edit it in an easy using drag and drop features for instance. When 
the editing process of the tracks is completed, a file is generated. This file 
comprises information such as: the track number, the beginning of an effect, the 

30 length of an effect etc.. This file is used to generate the EFF.1 and the EFF.2 file. 
The generation of this file consists in selecting certain part of the generated file to 
create each file. In the prefenred embodiment, the .WAV files used by the 
operator are 8kHz sampled file, therefore they must be converted into 400Hz 
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.400 files order to be used by a user. As previously explained, tlie .400 file for the 
user is sampled at 0.4kl-lz. In order to obtain a good synchronization between the 
effect and the movie track, practical experiments suggested that an 80 ms delay 
should be taken in order when inserting effects on each track during the creation 
5 process. During the playback mode, an average of 20 ms should be taken into 
consideration. 

When no effects have been previously created, a computer may provide to 
the apparatus reading the channel signals each effect to play. For instance, a 
flight simulator may generate in accordance with the simulation events both 

10 vibrations and motion cues. The vibration and motion cue signals generated by 
the simulation software can then be converted to actuator position values and 
combined. The combined iactuator position values can then be provided using, for 
example, a Universal Serial Bus (USB) port as the reading channel signals 
according to movement of the aircraft in real time. It will be appreciated by 

15 someone skilled in the art, that because of its nature, this invention may enable a 
user to feel simultaneously visual cue movements and vibrations. In the preferred 
embodiment the hydraulic actuator works with a frequency , up to 150 IHz, and 
such a wide frequency range enables a flight or game simulator enthusiast to feel 
the vibrations of the engine(s) of planes ranging from propeller planes up to turbo 

20 jets, as well as a wide range of motor vehicles and other virtual environments. 
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What is claimed is: 

1 . An apparatus for generating motion effects for at least one actuator using 
an audio/video source stream signal, said apparatus comprising: 

a track analyzer receiving said stream signal and perfomiing a track 
analysis of said stream signal to produce a time variable characteristic signal; 

an effect generator receiving said time variable characteristic signal and 
generating at least one effect according to at least one rule; and 

a movement generator receiving said at least one effect and compiling 
said at least one effect to provide a single signal to each of said at least one 
actuator. 

2. The apparatus as claimed in claim 1 , wherein said stream signal is UTS or 
ACS frame, each frame being handled separately by said apparatus. 

3. The apparatus as claimed in claim 1, wherein said time variable 
characteristic signal represents an elapsed time from an origin. 

4. The apparatus as claimed in claim 1, wherein said effect generator 
automatically generateis said at least one effect according to an algorithm, 

5. The apparatus as claimed in claim 4, wherein said analysis comprises a 
spectral envelope extraction. 

6. The apparatus as claimed in claim 3, wherein said effect generator 
comprises an effect database, said effect database comprising at least one file, 
said file comprising raw effect data. 

7. The apparatus as claimed in claim 3, wherein said effect generator 
comprises an effect database, said effect database comprising at least one file, 
said file comprising a description of the effects to be played and at least one file 
which comprises the raw effect data. 
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8. The apparatus as claimed in claim 6, wherein said at least one file of said 
effect database is stored in Random Access IVIemory (RAM) or in a Random 
Access Memory (RAM) disk. 

9. The apparatus as claimed in claim 7, wherein said at least one file of said 
effect database is stored in Random Access Memory (RAM) or in a Random 
Access Memory (RAM) disk. 

10. The apparatus as claimed in claim 3, wherein said track analyzer 
comprises a synchronization table, said synchronization table comprising a 
relation between at least one location on said infomriation provided by said 
audio/video source and said elapsed time from an origin to said at least one 
location. 

1 1 . The apparatus as claimed in claim 10, wherein said location is identified by 
a digital signature. 

12. The apparatus as claimed in claim 11, wherein said signature comprises 
the CRC1 field, one byte located at 1/5 of the AC3 frame, one byte located at 2/5 
of the ACS frame, one byte located at 3/5 of the AC3 frame, one byte located at 
4/5 of the AC3 frame, and the CRC2 field located at the end of the AC3 frame. 

13. A method for generating motion effects using at least one actuator with 
respect to an audio/video source, said method comprising the steps of; 

receiving a signal from said audio/video source; 
analyzing said signal to generate a second signal; 
using said second signal and rule to provide at least one effect; and 
compiling said second signal in order to provide a third signal to each of 
said at least one actuator according to said at least one effect. 

14. A method of providing haptic and motion sensations to at least one viewer 
in a simulator environment, the method comprising the steps of: 
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providing at least three actuators supporting at least one seat for said 
viewer, said actuators being adapted to move said seat and said viewer with 
small amplitudes at a frequency representing mechanical vibration; 

generating a vibration signal representing a level of vibration in said seat 
con^esponding to a level of vibration associated with a virtual environment at each 
point in time; 

generating a visual cue signal representing a reciprocal visual cue 
movement in said seat corresponding to motion in said virtual environment at 
each point in time; 

converting said vibration signal into a first actuator position value for all of 
said actuators; 

converting said visual cue signal Into second actuator position values for 
said actuators for causing at least a tilt in said seat; 

combining said first position value and said second position values to 
obtain an activation control value for each of said actuators; and 

supplying said control value to said actuators in real time. 

15. The method as defined in claim 14, wherein said actuators comprise: 
a supporting surface; 

a first piston slidable within a chamber for lifting and lowering at small 
amplitude said supporting surface; 

a second piston slidable within said chamber for driving up and down said 
first piston under hydraulic fluid pressure, said first and second piston providing a 
piston and cylinder arrangement; and 

an electric motor for linearly reciprocating said second piston in 
accordance with power drive signals communicated to said electric motor. 

16. The method as defined in claim 15, wherein said actuators comprise a ball 
screw connected to said electric motor and said second piston, said second 
piston canying out axial movement in response to a torque transmitted by said 
motor to said ball screw. 
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